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ABSTRACT 

The  gear  hobbing  process  is  one  ofthe  most  common  and  economical  methods  to  machine  the  involute  gear. 
The  tooth  profile  deviations  of  the  hobbed  gears  were  caused  by  machine  errors,  hob  errors  and  the  deviation  of  the 
setting  operations.  In  the  paper,  the  influences  of  the  run  out  of  hob  and  the  hob  lead  error  on  the  tooth  profile 
deviations  of  gears  are  analyzed  through  the  position  deviations  ofthe  generated  point  Pk  on  the  cutting  edge  versus  the 
surface  ofthe  imaginary  rack.  This  report  also  proposes  the  method  reducing  the  tooth  profile  deviations  by  adjusting  the 
run  out  of  hob  suitable  for  the  hob  lead  errors.  The  test  result  shows  the  effectiveness  in  decreasing  the  tooth  profile 
deviations  ofhobbed  gears. 
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INTRODU  CTION 

The  gear  hobbing  process  is  the  generating  process  repeating  the  transmission  of  the  screw  and  gear  pair, 
in  which  the  screw  acts  as  the  cutting  tool  and  the  gear  acts  as  the  work  piece.  The  tooth  profile  error  of  hobbed 
gears  depends  on  the  hob  errors,  machine  errors,  set  up  errors  and  the  cutting  conditions  12.  However  it  is  difficult 
to  make  hobs  with  high  accuracy  because  of  their  complicated  geometrical  shapes,  and  a  high  precision  gear 
cannot  always  be  obtained  with  a  precision  hob  because  of  the  set  up  errors.  In  the  hobbing  process,  the  surface  of 
the  imaginary  rack  is  generated  by  the  rotating  motion  of  the  hob  34.  The  tooth  profile  deviation  is  caused  by  the 
movement  of  the  generated  point  on  the  cutting  tooth  away  from  the  surface  of  the  imaginary  rack. 
This  paper  analyzed  the  influences  of  the  run  out  of  hob  and  the  hob  lead  error  on  the  tooth  profile  errors  of  hobbed 
gears.  The  position  deviations  of  the  generated  point  Pk  on  the  cutting  edge  versus  the  surface  of  the  imaginary 
rack  cause  the  tooth  profile  deviations  of  the  hobbed  gear.  The  tooth  profile  error  of  the  hobbed  gear  can  be 
reduced  by  adjusting  the  run  out  hob  conforming  to  the  hob  lead  errors.  An  experiment  is  set  up  and  the 
experimental  results  are  confirmed  that  the  tooth  profile  deviations  of  the  gears  are  reduced  by  adjusting  the 
position  run  out  of  hob  in  the  gear  hobbing  process. 

The  Movement  of  the  Point  of  Cutting  Edge  Out  to  the  Surface 
of  the  Imaginary  Rack  in  the  Generating  Process 

The  gear  hobbing  process  is  the  generating  process  repeating  the  transmission  of  the  screw  and  gear  pair, 
in  which  the  screw  acts  as  the  cutting  tool  and  the  gear  acts  as  the  work  piece,  as  figure  1 . 
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Thc  hobbing  gear 


Figure  1:  The  Gear  Hobbing  Process 

In  the  gear  hobbing  process,  a  cutting  surface  is  generated  by  each  cutting  edge  of  the  hob  tool  joining  to  the 
generated  motion  5.  The  gear  surface  is  formed  by  the  innumerable  cutting  surfaces.  A  corresponding  point  with  each  point 
of  the  cutting  edge  is  found  in  the  imaginary  rack  surface.  The  position  error  of  this  generated  point  causes  a  tooth  profile 
error.  Figure  2  shows  the  movement  of  a  point  on  a  cutting  tooth  of  the  hob  in  the  cutting  process.  The  position  of  a  point 
Pk  in  the  edge  k  of  hob  is  determined  by  the  following  equation: 

Xki=-Rk.sin9i.sincp-Ek.coscp 

Yki=Rk.cos0i  (1) 

Zki=  Rk.sinGi.cosa-Ek.sincp 

Where:  Ek  -  The  distance  from  the  generating  point  Pk  to  the  generating  center 

Rk  -  The  radial  of  the  point  Pk 

0i  -  The  rotation  angle  Pki 

cp  -  Inclination  angle  of  the  hob  axis 

a  -  Pressure  angle 


Figure  2:  The  Movement  of  a  Point  on  a  Cutting  Tooth  of  the  Gear  Hob 

The  distance  from  the  generating  center  to  the  generating  point  on  the  pitch  line  is  determined  by  following 
equations: 
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(2) 


In  where:  j  -  The  number  of  the  cutting  edge 
N  -  The  number  of  hob  gash 
Sh  -  The  thickness  of  generated  rack  tool 
P  -  The  pitch  of  generated  rack  tool. 

When  the  hob  rotates  from  a  point  Pk  to  a  point  Pki  with  the  rotational  angle  0i,  the  generated  rack  moves  a 
distance  Xt  on  the  pitch  line,  determined  by  equation  (3). 

Xt  =  P+  (3) 

1  2n  w 

On  the  view  (D)  in  figure  2,  the  distance  AXki  between  the  point  Pki  on  the  cutting  surface  after  rotating  an  angle 
0i  and  the  corresponding  cutting  teeth  on  the  generated  rack  surface  measured  in  the  X  direction,  which  is  determined  by 
an  equation  (4).  In  the  gear  hobbing  process,  the  deviations  of  the  distance  AXki  cause  the  tooth  profile  of  the  machined 
gears. 

AXki  =  — Xk0  +  Xt  +  (Rc  -  Yki).  tana  +  Xki  =  -P.  -  —  —  +  P.  —  +RC.  tana  -  Rk.  sin0i.  sin(p  -  Rk.  cos0i.  tana  +  Ek.  coscp  (4) 

N  2  271 

The  deviations  of  the  distance  AXki  cause  the  tooth  profile  of  the  hobbed  gears.  There  are  many  factors  causing 
the  deviations  of  the  distance  AXki  such  as  machine  errors,  hob  errors  and  the  deviation  of  the  setting  operations. 
However,  in  this  research,  the  effects  of  the  hob  run  out  and  the  hob  lead  errors  on  the  deviations  of  the  distance  AXki  are 
studied  and  analyzed. 

Influence  of  the  Run  out  Hob  on  the  Radial  of  the  Point  Pk 

The  tool  hob  is  set  on  the  hobbing  machine  after  checking  the  accuracy  of  the  spindle,  hob  holder  shaft  and  hob. 
Then,  the  total  run  outs  of  hob  el,  e2  are  determined  by  two  indicators  at  the  both  sides  of  hob  tool  as  shown  in  the  figure 


3. 


The  hob  axis 


The  spindle  axis 


The  generating  center 


Figure  3:  Measuring  the  Hob  Run  out  Before  the  Cutting  Process 


These  run  outs  of  the  hob  cause  the  cutting  edge  to  be  moved  away  from  the  generated  surface  according  to  the 
two  directions  Y  and  Z  as  shown  in  Fig.  4.  The  hob  run  out  at  the  point  Pk  is  defined: 
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Ak  =  VAY2  +  AZ2  (5) 

Where:  AZ  and  AY  is  the  eccentricity  of  the  rotational  axis  at  the  point  Pk  following  the  Z  and  Z  direction 
determined  by  the  following  formula: 

(AY  =  ex.  sins!  +  (e2.  sins2  -  ex.  sins^)  ^ 

l  (6) 

AZ  =  ex.  coss^  +  (e2.  coss2  —  e^.  coss^)  — 

In  where:  el,  e2  -  the  run  outs  of  hob,  in  the  gear  hobbing  process  el<e2. 
s1?  s2  —  The  angle  of  the  eccentricity  vectors  (el,  e2)  and  the  generating  center  line 
lk  -  The  distance  from  the  cutting  edge  k  to  the  hob  side  with  the  run  out  el. 
lo  -  The  length  of  the  hob. 

From  there,  the  deviation  radial  of  the  point  Pk  is  determined  by  the  following  equation. 

ARk  =  Ak.  cos(0k  -  ek)  =  Ak.  cos  (k.  ^  -  ek)  (7) 

where:  k  -  The  number  of  the  cutting  teeth  from  the  generating  center. 

ARk-  The  deviation  radial  of  the  point  Pk. 

Ak  -  The  run  out  of  the  hob  at  the  point  Pk  (with  el<  Ak<e2). 

sk  -  The  angle  of  the  eccentricity  vectors  ek  and  the  generating  center  line. 


Influence  of  the  Hob  Lead  Deviation  on  the  Axial  Distance  from  the  Generating 
Point  Pk  to  the  Generating  Center 

In  the  gear  hobbing  process,  the  tooth  profile  deviations  were  mainly  caused  by  geometrical  error  of  hob. 
In  there,  the  hob  lead  errors  effect  on  the  tooth  profile  errors  and  cause  the  sinusoidal  errors  of  the  tooth  profile  [6]  [7]  [8]. 
The  hob  lead  errors  cause  the  deviation  of  the  axial  distance  from  the  generating  point  Pk  to  the  generating  center  (Ek)  in 
the  equation  (4).  The  hob  lead  errors  are  caused  in  the  manufacturing  hob  and  measured  in  the  automation  gear  measuring 
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5 


AEk  =  A.cos(k.^-¥)  (8) 

where:  A  -  The  maximum  hob  lead  error  in  the  machining  area  (qm) 
k  -  The  number  of  cutting  tooth  from  the  generating  center  line 
N  -  The  number  of  gashes 

The  angle  of  the  generating  center  line  and  the  position  of  cutting  tooth  having  the  maximum  hob  lead  error. 

The  Method  for  Reducing  the  Tooth  Profile  Errors 

The  accuracy  of  hobbed  gears  depend  on  the  hob  errors,  machine  errors,  set  up  errors  and  the  cutting  conditions. 
However,  the  hob  lead  errors  and  the  hob  run  out  causes  the  position  deviation  of  the  generated  point  Pk  and  these 
deviations  are  sinusoidal.  Suppose  that  the  hobbing  process  only  exists  for  two  causes  of  errors:  the  hob  lead  error  and  the 
hob  run  out.  The  equation  (4)  can  be  rewritten: 

AXki  =  — P.  ~  —  y  +RC-  tana  —  (Rk+ARk).  tana  +  (Ek  +  AEk).  coscp  (9) 

The  tooth  profile  deviations  can  be  decreased  by  reducing  the  position  deviations  of  the  generated  point  Pk. 
These  deviations  caused  by  the  hob  lead  errors  and  the  run  out  hob  can  be  determined: 

FAXki  =  — ARktana  +  AEk.  coscp  =  A.  coscp.  cos  (k. ^  —  Ak.  tana.  cos  (k. ^  —  sk)  (10) 

The  tooth  profile  deviation  of  the  hobbed  gear  gets  the  smallest  value,  the  position  deviations  of  the  generated 
point  gets  the  smallest  value.  Thus,  the  tooth  profile  error  can  be  reduced  by  adjusting  the  hob  run  out  according  to  the  hob 
lead  error  as  the  equation  (11). 

{.  _  A.coscp 

k  tana  (11) 

Sk  =  ^ 

EXPERIMENT 

The  cutting  process  uses  the  hobbing  center  of  Mitsubishi  and  the  tool  hob  made  by  Dragon  company. 
The  gear  is  made  by  the  alloy  steel  SCM  420,  have  module  1.75  mm  and  21  teeth,  as  figure  5.  The  table  1  shows  the 
fundamental  parameters  of  the  tool  hob.  The  experiment  uses  the  manufacturing  of  the  Futul  company  in  Vietnam,  as  the 
table  2. 
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Table  1:  The  Technical  Parameters  of  the  Hob  Tool 


Company 

Accuracy 

Module 

(mm) 

Out  Diameter 
(mm) 

Twist  Angle 

Number  Gash 

Material 

Coated 

DTR 

DIN-AA 

1.75 

60 

1°43’ 

12 

SKH-55 

TIN 

Table  2:  The  Parameters  of  the  Hobbing  Process  in  FUTUl 


Spindle  speed  (rev/min) 

300 

Depth  of  cut  (mm) 

4.375 

Feed  rate  (mm/rev) 

1,27 

Method 

Up  milling 

The  hob  lead  error  is  measured  in  the  gear  measuring  center  of  OSAKA  SEIKI  KIKAI  and  shown  in  the  figure  6a. 
In  the  experiment,  the  generating  center  is  the  cutting  tooth  having  the  maximum  hob  lead  error  Q¥  =  0).  And  the  equation 

27T 

(8)  can  be  shown  as:  AEk  =  6. cos(k.— ).  Thus,  in  order  to  reduce  the  tooth  profile  deviations  of  the  machined  gear  in  the 

hobbing  process,  the  position  run  out  of  hob  have  to  set  up  as  the  figure  6b  and  the  run  out  hob  is  smaller  than  16.48  pm 
(following  the  equation  11  with  A=6  pm,  ([>=1043’  and  a=200). 

The  tooth  profile  deviations  of  the  hobbed  gear  also  is  measured  in  the  gear  measuring  center  of  OSAKA  SEIKI 
KIKAI  and  shown  in  the  figure  9-12.  The  figures  9a-12a  show  the  tooth  profile  deviations  of  the  machined  gear  in  the 
hobbing  process  when  the  run  out  of  hob  was  not  adjusted  by  the  equation  (11)  with  the  different  run  out  values. 
The  results  show  that  when  the  position  run  out  of  hob  is  not  set  up  as  the  figure  6b  the  tooth  profile  deviations  of  the 
machined  gear  in  the  hobbing  process  have  the  sinusoidal  shape.  When  the  hob  run  out  increases  from  5  pm  to  22  pm,  the 
maximum  tooth  profile  deviations  of  the  machined  gears  also  increase  from  10.3  pm  to  24.4  pm.  The  figures  9b  -  12b 
show  the  tooth  profile  errors  of  the  hobbed  gear,  when  the  position  run  out  of  hob  is  set  up  as  the  figure  6b  with  the 
different  run  out  values.  The  results  show  that  when  the  run  out  of  hob  increases  from  6  pm  to  21  pm,  the  maximum  tooth 
profile  deviations  of  the  machined  gear  in  the  hobbing  process  also  increases  from  7.3  pm  to  21.8  pm.  Thus,  the 
experimental  results  are  confirmed  that  the  tooth  profile  errors  of  the  hobbed  gears  are  reduced  by  adjusting  the  position 
run  out  of  hob  as  figure  6b. 
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a 
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Figure  6:  The  Hob  Lead  Error  Measured  by  the  Gear  Measuring  Center 
(a)  The  Position  having  the  Greatest  Hob  Lead  Error  and 
the  Adjusting  Position  of  the  Run  Out  Hob  (b) 


Figure  7a:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  not  Adjusting 
the  Run  Out  of  Hob  with  e2=5jam  &  el=6jam 


-M 
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Figure  7b:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  Adjusting 
the  run  out  of  hob  with  e2=6  jum  &  el=6  jum 
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Figure  8a:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  not  Adjusting 
the  Run  Out  of  Hob  with  e2=10jnm  &  el=9jnm 


Figure  8b:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  Adjusting 
the  Run  Out  of  Hob  with  e2=ll  jnm  &  el=9  jnm 


Figure  9a:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  not  Adjusting 
the  Run  Out  of  Hob  with  e2=16jnm  &  el=15jnm 


Figure  9b:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  Adjusting 
the  Run  Out  of  Hob  with  e2=17  jim  &  el=15  jnm 


Impact  Factor  (JCC):  7.6197 


SCOPUS  Indexed  Journal 


NAAS  Rating:  3.11 


9 


A  Method  for  Reducing  the  Tooth  Profile  Errors 
ofthe  Spur  Gears  in  the  Hobhing  Process 


Figure  lOa:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  not  Adjusting 
the  Run  out  of  Hob  with  e2=21jnm  &  el=19jnm 


Figure  lOb:  The  Tooth  Profile  Errors  of  Hobbed  Gear  when  Adjusting 
the  Run  Out  of  Hob  with  e2=22  jnm  va  el=20  jnm 


CONCLUSIONS 

A  method  for  reducing  the  tooth  profile  deviations  of  the  hobbed  gear  was  proposed.  The  deviations  of  the 
distance  between  the  generating  point  of  cutting  tooth  of  the  tool  hob  and  the  surface  of  the  imaginary  rack  cause  the  tooth 
profile  deviations  of  the  machined  gear.  By  adjusting  the  run  out  hob  conforming  to  the  hob  lead  errors,  the  tooth  profile 
error  of  the  hobbed  gear  can  be  reduced.  Thus,  when  the  tooth  profile  error  of  the  hobbed  gear  is  mainly  caused  by  the 
manufacturing  and  setting  errors  of  the  hob,  the  reducing  the  tooth  profile  errors  is  possible  by  adjusting  the  hob  run  out. 
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